Purpose The shape and size of the suprascapular notch (SSN) is one of the most important risk factors in suprascapular nerve entrapment. The aim of the study was to perform a morphological study of SSN variations. Methods A total of 616 computer tomography scans of scapulae were retrospectively analysed in 308 patients. The examination focused on the suprascapular region. The type of suprascapular notch was determined by using a classification based on three geometrical measurements: maximal depth (MD), superior (STD) and middle (MTD) transverse diameters. Results In the scans, five types of SSN were noted. In type I (24.18 %) maximal depth was greater than superior transverse diameter. Type II (1.95 %) has equal MD, STD and MTD. In type III (56.16 %) the superior transverse diameter was greater than the maximal depth. Scapulae with bony foramen were classified as type IV (4.72 %). In type V a discrete notch (12.99 %) was found. Additionally, types I and III were divided into three subtypes: A, B and C. The frequency of type I and IV was lower in females than in males, but type III was more common in females than males. Distribution of other types of SSN in both groups was similar. Conclusion Knowledge of the anatomical variations of the suprascapular notch described in this study should be helpful in endoscopic and open procedures of the suprascapular region and also may increase the safety of operative decompression of the suprascapular nerve.
Introduction
The suprascapular notch (SSN) is a variable depression on the superior border of the scapula. Through this structure, the suprascapular nerve and vein traverse the upper border of the scapula under the superior transverse scapular ligament (STSL) [1] . The SSN is the most important point along the course of the suprascapular nerve (SN) because this region is the main site of injury and compression of the SN [2, 3] . This pathology was first described by Andre Thomas in 1936 [4] . Suprascapular nerve entrapment is characterised by chronic, poorly localised pain in the posterior or/and lateral region of the shoulder, which may radiate down the arm or up into the neck, weakness of abduction and increased external rotation of the arm, with atrophy of the supra-and infraspinatus muscles [2, 3, [5] [6] [7] [8] . Males are approximately three to four times more likely to suffer from suprascapular nerve entrapment than females [2, [5] [6] [7] [8] . This pathology is also important from a demographic point of view because it mainly occurs in patients under 35 years of age [2, [7] [8] [9] .
The shape and size of the suprascapular notch is the most important factor in the aetiopathology of supracapular nerve entrapment [10, 11] . A narrow SSN may predispose a patient to this neuropathy [12] . Also, a V-shaped notch is more likely to be associated with nerve entrapment [8] . Therefore, knowledge of the morphology of the suprascapular region, especially SSN shape and STSL variations, is particularly important in various techniques associated with arthroscopic SN decompression [13] [14] [15] . In our opinion this study is the most comprehensive description of suprascapular notch morphology. It is also based on the specific geometrical parameters of the SSN which describe almost all variations of these structures.
The aim of the study was a thorough examination of the sexual dimorphism of the suprascapular notch based on new imaging techniques. To our knowledge, no large-scale radiological study of the suprascapular notch variations described in this study has been reported previously.
Materials and methods
A total of 616 computer tomography scans of shoulders were retrospectively analysed in 308 randomised patients who were being investigated as part of a standard CT chest protocol between May 2008 and April 2012 for disease of the lungs or cardiovascular system. The research project and all procedures were approved by the Bioethics Commission of the Medical University. Dual-phase helical CT was performed with a 32-row MDCT scanner (Toshiba Aquilion 32; Toshiba Medical System, Japan). All shoulders were analysed with post-processing tools; multiplaner reconstruction (MPR) and maximum intensity projection (MIP) images were obtained along the sagittal and coronal planes, as well as coronal curved MIP images, and three-dimensional volume rendering. The criteria of exclusion were scapula fracture or tumour and previous scapular surgery.
The suprascapular regions of all 616 CT scans of the scapulae were analysed. The type of suprascapular notch was determined using the classification system described by Polguj et al. [16] . This classification system is based on the shape of the inferior border of the incisure as well as the comparison of the three geometrical measurements. These SSN dimensions were defined as follows ( The measurements of the suprascapular notch were performed using Vitrea 2 system software (Vital Images, Plymouth, MN, USA).
Each of the computer tomography scans of the shoulder area was carefully observed simultaneously by two investigators who classified the scapulae according to a fivefold SSN classification by Polguj et al. [16] . In type I, MD was greater than STD. This type was divided into three subtypes: IA, IB and IC. Subtype IA presented longer MTD than STD, while IC presented shorter MTD than STD and IB presented equal diameters (STD=MTD) (Fig. 2) . Type II presented equal MD, STD and MTD (Fig. 3) . Type III presented longer STD than MD. As with type I, this type was also divided into three subtypes: IIIA, IIIB and IIIC. In IIIA, MTD was longer than STD. In IIIC, it was the opposite (STD>MTD) and in IIIB these diameters were equal (STD=MTD) (Fig. 4) . In type IV, a bony bridge joins the corners of the SSN (Fig. 5a ). Type V presents a discrete notch (Fig. 5b) .
The statistical analysis was performed on Statistica 10 software (StatSoft Polska, Cracow, Poland). Shapiro-Wilk test was used to check whether the distribution was normal or abnormal. The statistical difference between both the suprascapular notch measurements and frequency of types in both sexes were examined using the Mann-Whitney test and chi 2 test, respectively (p level of<0.05 was accepted as statistically significant). The distribution of measurements for the first three types, women and men are presented as mean, standard deviation, median, minimum and maximum (Tables 1 and 2 ).
Results

Demographic characteristics
Of 308 patients (616 scapulae), 134 were women (268 scapulae) and 174 men (348 scapulae). The mean age (±SD) of the entire group was 62.5 years (±13.9 years). The mean ages divided by sex (±SD) were 62.4 years (±15.1 years) for the men and 62.7 years (±12.5 years) for the women. In 616 computer tomography scans of scapulae, all five types of SSN were noted. Among the scapulae examined, type III (56.16 %) (Fig. 4) was the most common and type II (1.95 %) (Fig. 3) was the least. The frequency of type I was 24.18 %. This type was divided into three subtypes: IA (14.12 %), IB (3.08 %) and IC (6.98 %) (Fig. 2) . Type III was also divided into three subtypes. The frequency of subtypes IIIA, IIIB and IIIC were 2.92 %, 0.97 % and 52.27 %, respectively (Fig. 4) . Type IV (scapulae with bony foramen) was noted in 4.72 % of scapulae (Fig. 5a ). The frequency of type V (discrete notch) was 12.99 % (Fig. 5b) .
Comparisons between the dimensions for first three types of SSN are summarised in Table 1 .
Sexual dimorphism
According to the Mann-Whitney test, only the maximal notch depth (p=0.00326) was statistically significantly higher in males than in females. Middle transverse diameter and superior transverse diameter were similar in both groups and were statistically insignificant with p=0.7254 and p=0.1569, respectively ( Table 2) .
The frequency of subtypes IA and IB was lower in females (10.45 % and 1.12 %) than in males (16.95 % and 4.6 %). According to the chi 2 test the difference was statistically significant with p=0.01621 (type IA) and p=0.02228 (type IB). Subtypes IIIA and IIIC were more common in females (3.73 % and 58.96 %) than males (2.3 % and 47.13 %). According to the chi 2 test the difference was only statistically significantly different for type IIIC (p=0.00903) but insignificant for type IIIA (p=0.31741). Type IV (scapulae with bony foramen) was more frequently seen in males (6.03 % vs. 2.98 %). This difference between both sexes was statistically significant according to the chi 2 test (p=0.02415).
The distributions of other types of SSN in the female and male populations were similar. The frequency of types and subtypes in males and females is presented in Fig. 6 .
Discussion
From 1942 to 2011, several classifications of suprascapular notch variations have been proposed in scientific literature [11, 12, [16] [17] [18] [19] [20] [21] [22] . However, little use has yet been made of new imaging techniques such as computer tomography or ultrasonography. This study is the first to classify the morphology of SSN based on computer scans of scapulae in a large population.
The two oldest classifications of the type of suprascapular notch were introduced by Hrdricka et al. (1942) [17] and Olivier (1960) [18] . In the first, Hrdricka et al. [17] divide the SSN into five types based on visual observation: shallow (type II), medium (type III) and deep (type IV). In type I, the [12] , in which the suprascascapular notches are divided into six types. The first type lacks a discrete notch. Their second type is a wide, blunted, V-shaped notch, with its maximum width along the superior border of the scapula. The third type is symmetrical with nearly parallel lateral margins (U-shaped). The fourth type presents a very small V-shaped notch. In the fifth type, the medial part of the STSL is partially ossified, with a U-shaped notch. The sixth type has a completely ossified STSL which forms a bony foramen.
In 1998, Ticker et al. [19] distinguished two main types of suprascapular notches: U-shaped and V-shaped. Additionally, the degree of ossification of the superior transverse scapular ligament was evaluated separately.
In 2003, Bayramoglu et al. [20] , based on the classification of Rengachary et al. [12] , also described two main types: U-and V-shaped notches.
In the next classification from 2007, Natsis et al. [11] distinguished five types of SSN. The first type lacks a discrete notch (8.3 %). The second type presents a notch that is longest in its transverse diameter (41.85 %). The third type presents a notch which is longest in its vertical diameter (41.85 %). In the fourth type, the STSL is calcified and forms a bony foramen (7.3 %). In the fifth type, the scapula has a notch and a bony foramen (0.7 %).
In 2010, Duparc et al. [21] reported that a V-shaped SSN was seen in 36.7 % of shoulders and a U-shaped in 63.3 % of shoulders. In both types, the notch could be more or less open, narrower or wider.
Also in 2010, Iqbal et al. [22] , based on the shape, described three types of SSN: U-shaped (13.2 %), V-shaped (20 %) and J-shaped (22 %).
The newest classification was from 2011. Polguj et al. [16] describe a quantitative classification of the SSN based on specific geometrical parameters that clearly distinguish five structural types. It is described in greater detail above in "Materials and methods".
The classifications of Hrdricka et al. [17] , Olivier [18] , Ticker et al. [19] , Bayramoglu et al. [20] and Iqbal et al. [22] are qualitative and not based on specific geometrical parameters. The main reason for using the classification of Polguj [16] in our study is that it is a quantitative classification. It is a simple, clearly-described procedure which requires measurements to be taken. The classification of Polguj [16] is also easy to use and is based on specific geometrical parameters which clearly distinguish each type and subtype of suprascapular notch.
The frequency of type I ("narrow and deep") was found to be higher in males (28.45 %) than in females (18.66 %). On the other hand type III ("wide and shallow") was higher in females (63.06 %) than males (50.87 %). This aspect is especially important because males are approximately three to four times more likely to suffer from a suprascapular neuropathy than females [2, [5] [6] [7] [8] . It may be partially explained by the "sling effect" proposed in 1979 by Rangrery et al. [12] , which assumes that during movements of the arm, the nerve makes only minimal transitional movements and can be pressed against the sharp bony margin of the suprascapular notch by the action of the upper limb. This repeated kinking irritates the nerve and induces microtrauma that can result in suprascapular nerve entrapment [12] . Therefore, hypothetically, when the suprascapular nerve passes by a "narrow and deep" suprascapular notch (type I), it could be more predisposed to injury by the sharp bony walls of this structure.
The second anatomical factor which might explain the higher frequency of suprascapular neuropathy in males than females may be the significantly higher frequency of scapulae with a bony foramen, corresponding to a completely ossified STSL-type IV, in males than females (6.03 % vs. 2.98 %). This appears to be especially important, because such morphological features are estimated to be one of the most important factors of suprascapular neuropathy [3, 11, 12, 16] .
In our study, the frequency of scapulae with a bony foramen (type IV) was 4.72 % of all cases, which was higher than that seen by Sinkeet et al. [23] (3 %), Tubbs et al. [24] (3.7 %), Rengachary et al. [12] (4 %) or Wang et al. [25] (4.08 %). However it was lower then that described by Vallois [26] (6.5 %), Natsis et al. [11] (7.3 %) or Bayramoglu et al. [20] (12.5 %). In some populations, scapulae with a bony foramen was found to be very rare, while in others they were found to be common: Alaskan Eskimos (0.3 %) [27] vs. Egyptians 13.6 % [17] . It would be reasonable to suppose that complete ossification of STSL frequency depends on the population. However, in our opinion, an important factor is the mean age of investigated specimens; in our study, the mean age of all patients was 62.5 years, and we assume this to be lower than in the cadaveric study.
Another factor of suprascapular nerve entrapment can be anatomical variations of structures in the suprascapular region, such as a bifid STSL [20, 21] or trifid STSL [19] , hypertrophied subscapular muscle [21] , a double suprascapular foramen [25] or the co-existence of a notch with a suprascapular foramen [28] .
In 2001, Pecina et al. [29] discovered that another factor of suprascapular nerve entrapment can be a connective tissue band, the ligamentum spinoglenoidale, which may exist in up to 50 % of people. It formed a second fibro-osseous tunnel (spinoglenoid notch) for three or four motor branches of the nerve that supply the infraspinatus muscle.
Our study uses a new quantitative classification of SSN morphology, which, contrary to existing methods, is simple, reproducible, and based on specific geometrical parameters that clearly distinguish each type. As suprascapular nerve entrapment is a rare condition, these features are especially important in clinical practise because it has confirmed its practical viability in multicentre investigations focused on this pathology. To our knowledge, the literature reveals no similar study which describes SSN variation in such a large population.
Conclusion
Our investigation has very precisely described SSN variations in the general population and its diversity between the sexes. The frequency of type I ("narrow and deep") was higher in males than in females. However, type III ("wide and shallow") was more common in females than males. Also a significantly higher frequency of scapulae with bony foramena (corresponding to a completely ossified superior traverse scapular ligament) was seen in males than females (6.03 % vs. 2.98 %). Knowledge of suprascapular notch variations may be essential for surgeons performing SN decompression, especially by means of endoscopic techniques.
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